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Boiler water 1s heated 1in a steam boiler while feed water,
which has a hardness of 5 mg CaCO,/L or less and 1s used as
the boiler water, 1s supplied to the steam boiler. A part of the
boiler water 1s appropriately disposed of. A chemical aqueous
solution containing an alkaline metal silicate, an alkaline
metal hydroxide and at least one kind of scale preventive
agents of ethylenediamine tetraacetate, and 1ts alkaline metal
salt, 1s supplied to the feed water so that a concentration of the
scale preventive agent 1s at least 1.5 mol equivalent times
relative to the hardness of the feed water. In the steam boiler,
a condensation rate of the boiler water 1s set so that the
concentration of the scale preventive agent 1n the boiler water

1s 40 mg EDTA/L or less.
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1
METHOD OF OPERATING STEAM BOILER

INCORPORAITION BY REFERENC.

L1

This application claims priority to Japanese Patent Appli-
cation No. 2010-148863 filed Jun. 30, 2010, the entire con-
tents of which being hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of operating a
steam boiler, and 1n particular, to a method of operating a
steam boiler that generates steam by heating boiler water.

2. Description of Related Art

A general steam boiler apparatus for supplying steam to a
loading device such as a heat exchanger has a water supply
device to a steam boiler. The steam boiler generates steam by
heating feed water from the water supply device as boiler
water, and supplies this steam to the loading device through a
steam path. Typically, the feed water supplied herein 1s soft-
ened water from which hardness components are removed by
treating raw water such as tap water, industrial water or
ground water with a water softening device. Therefore, 1n the
steam boiler, generation of a scale that will lead 1inhibition of
heat transfer 1n a heat transier pipe or the like for heating
boiler water 1s prevented, so that long-term economical
operation can be realized.

The boiler water may lead progression of corrosion of a
heat transier pipe or the like of the steam boiler and lead
occurrence ol a defect such as boring in some cases due to
dissolved oxygen or corrosive 1ons such as chloride 1ons and
sulfate 1ons contained 1n the feed water, and due to pH outside
the appropnate range (11 to 11.8 according to the low-pres-
sure boiler standard of JIS 88223), in particular pH lower than
the appropriate range of the boiler water. Therefore, 1n an
operation of the steam boiler apparatus, a corrosion preven-
tive agent 1s added to the feed water to prevent corrosion of a
heat transter pipe or the like. As the corrosion preventive
agent, typically, a film forming agent and a pH modifier are
used together for preventing corrosion caused by dissolved
oxygen or corrosive 1ions, and for example, a composite cor-
rosion preventive agent including an aqueous solution in
which an alkaline metal silicate which 1s a film forming agent,
and an alkaline metal hydroxide which 1s a pH modifier are
mixed has been proposed. Since the boiler water 1n which the
composite corrosion preventive agent 1s added to the feed
water does not contain an organic compound, it can be dis-
posed of sately to the environmental system without the need
of considering the emission regulation of chemical oxygen
demand (COD).

While the water softening device used in the steam boiler
apparatus 1s able to remove hardness components (a magne-
sium 1on and a calcium 1on) 1n raw water by 1on exchange
using a cation exchange resin, it fails to remove silica con-
tained in the raw water. Although silica contained in raw
water alone 1s recognized as being unlikely to cause scale
generation, 1t will be a cause of a scale because 1t easily binds
with a hardness component to form a water-insoluble salt.
Therefore, when a slight amount of leakage of a hardness
component to the feed water occurs due to a defect of the
water softening device, a scale mainly caused by silica can be
generated 1n the steam boiler.

For addressing such leakage of the hardness component in
the water softening device, typically, a scale preventive agent
capable of preventing generation of a scale by chelating the
hardness component 1s added together with a corrosion pre-
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2

ventive agent, and as such a scale preventive agent, ethylene-
diamine tetraacetate or its alkaline metal salt 1s generally
known.

Here, since ethylenediamine tetraacetate and 1ts alkaline
metal salt can lead an increase 1n COD of the boiler water
because they are organic compounds, 1t 1s preferred to set its
additive amount to the feed water to requisite minimum. In
this respect, since a molar ratio between ethylenediamine
tetraacetate or 1ts alkaline metal salt and a hardness compo-
nent 1n a complex of ethylenediamine tetraacetate or 1ts alka-
line metal salt and the hardness component1s knowntobe1:1,
it 1s supposed from this finding that the additive amount of
cthylenediamine tetraacetate or 1ts alkaline metal salt 1s pret-
erably set to an equivalent amount or an amount slightly
larger than the equivalent amount to multivalent metal 10ns
assumed to be contained in the feed water due to leakage from
the water softening device.

However, even when the additive amount of ethylenedi-
amine tetraacetate or 1ts alkaline metal salt 1s set as described
above, a scale actually arises 1n the steam boiler.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to suppress the
chemical oxygen demand of boiler water to 30 mg/L or less
which 1s one of the environmental standards of discharge
water specified by the water pollution control law and a more
stringent effluent standard of each local government while
preventing generation of a scale 1 a steam boiler.

The present invention relates to a method of operating a
steam boiler generating steam by heating boiler water, and
this operation method includes the step of heating the boiler
water 1n the steam boiler while supplying feed water having a
hardness of 5 mg CaCO,/L or less used as the boiler water to
the steam boiler and appropriately disposing of part of the
boiler water, and the step of supplying a chemical aqueous
liquid containing an alkaline metal silicate, an alkaline metal
oxide and at least one kind of scale preventive agents of
cthylenediamine tetraacetate and its alkaline metal salt to the
teed water such that the concentration of the scale preventive
agent 1s at least 1.5 mol equivalent times relative to the hard-
ness of the feed water, wherein 1n the steam boiler, a conden-
sation rate of the boiler water 1s set so that the concentration

of the scale preventive agent 1n the boiler water 1s 40 mg
EDTA/L or less.

The feed water used 1n this operation method 1s typically
soltened water obtained by treating tap water, industrial water
or ground water with a cation exchange resin. The alkaline
metal silicate 1s, for example, a reaction product of at least one
kind of silicic acid and silicon dioxide, and an alkaline metal
hydroxide.

Since the method of operating a steam boiler according to
the present mnvention uses a specific chemical aqueous solu-
tion containing a scale preventive agent, and further controls
the amount of the chemical aqueous solution added to the feed
water based on the concentration of the scale preventive agent
in the feed water, and controls the condensation rate of the
boiler water so that the concentration of the scale preventive
agent 1s adjusted to a predetermined value or less, 1t 1s pos-
sible to suppress the chemical oxygen demand of boiler water
to 30 mg/L. or less which 1s one of the environmental stan-
dards of discharge water specified by the water pollution
control law and a more stringent effluent standard of each
local government while preventing generation of a scale inthe
steam boiler.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of one embodiment of a steam
boiler apparatus for which the operation method according to
the present invention can be practiced;

FIG. 2 1s a partial sectional schematic view of a steam
boiler used 1n the steam boiler apparatus;

FI1G. 3 1s a schematic view of a simulated steam boiler used
in example;

FIG. 4 15 a sectional schematic view of a simulated steam
boiler used 1n the stimulated steam boiler apparatus; and

FIG. 5 1s a view showing the relation between the concen-
tration 1n terms of EDTA of boiler water and the increase in
solubility of hardness, which 1s prepared based on the results
of example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, one embodiment of a steam boiler
apparatus for which the operation method of the present
invention can be practiced will be described. In FIG. 1, a
steam boiler apparatus 1 1s provided for supplying steam to a
loading device 2 which 1s a facility using steam such as a heat
exchanger, a boiler, a reboiler or an autoclave, and mainly has
a water supply device 10, a steam boiler 20, a condensate
piping 30, a chemical supply device 60 and a controller 70.

The water supply device 10 1s provided for supplying feed
water used as boiler water 1n the steam boiler 20, and mainly
has a feed water tank 40, for reserving feed water, and a
supplemental path 50 for supplying supplemental water used
as feed water to the feed water tank. The feed water tank 40
has a water supply path 41 extending from 1ts bottom part to
the steam boiler 20. The water supply path 41 communicates
with the steam boiler 20, and has a water supply pump 42 for
sending out the feed water reserved 1n the feed water tank 40
to the steam boiler 20, and a sensor 43 for measuring the
hardness of the feed water.

The supplemental path 50 has a water injection conduit 31.
The water injection conduit 31 1s provided for supplying
supplemental water from a raw water tank (not shown) 1n
which raw water supplied from a water source such as tap
water, industrial water or ground water 1s reserved to the feed
water tank 40, and has a water softening device 52 and a
deoxygenation device 53 1n this order toward the feed water
tank 40.

The water softening device 52 1s provided for treating the
supplemental water from the raw water tank with a sodium
form cation exchange resin to convert the supplemental water
into softened water by replacing a calcium 10n and a magne-
sium 10n which are hardness components contained 1n the
supplemental water into sodium 1ons.

The deoxygenation device 53 1s provided for removing
dissolved oxygen 1n the supplemental water treated in the
water softening device 52, and typically various types such as
a type ol removing dissolved oxygen using a separation mem-
brane, a type of removing dissolved oxygen by subjecting the
treated water to a reduced pressure environment, or a type of
removing dissolved oxygen by heating the treated water are
used.

The steam boiler 20 1s a once-through boiler, and mainly
has, as shown 1n FIG. 2, a ring-shaped reservoir portion 21
capable of reserving feed water supplied from the water sup-
ply path 41, a plurality of heat transfer pipes 22 standing up
from the reservoir portion 21 (1n FIG. 2, only two pipes are
shown), a ring-shaped header 23 disposed in the upper end
part of the heat transfer pipe 22, a steam supply piping 24
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extending from the header 23 to the loading device 2, a
combustion device 25 such as a burner, and a blow path 26.

The heat transter pipe 22 1s formed by using a nonpassi-
vated metal. The nonpassivated metal refers to a metal that
will not be naturally passivated 1n a neutral aqueous solution,
and typically a metal excluding stainless steel, titanium, alu-
minum, chromium, nickel, zirconium and the like. Concrete
examples include carbon steel, cast iron, copper and a copper
alloy. Although carbon steel may be passivated 1n the pres-
ence ol high concentration of chromate 10ons even 1n a neutral
aqueous solution 1n some cases, this passivation 1s caused by
the 1influence of chromate 1ons, and 1s hard to be said to be
normal passivation 1n a neutral aqueous solution. Therefore,
carbon steel belongs to the category of a nonpassivated metal
used herein. Although copper and a copper alloy are typically
regarded as metals 1n which corrosion by the influence of
moisture 1s unlikely to occur because they are in “rare” posi-
tions 1n electrochemical series (emf series), they belong to the
category of a nonpassivated metal because they will not be
naturally passivated in a neutral aqueous solution.

The combustion device 235 1s provided for heating the heat
transier pipe 22 by radiating a combustion gas 1n the direction
of the reservoir portion 21 from the side of the header 23. The

blow path 26 has a control valve 27 and 1s able to dispose of
part of the boiler water by opening/closing the control valve
27.

The condensate piping 30 extends from the loading device
2 to the feed water tank 40, and has a steam trap 31. The steam
trap 31 1s provided for separating steam and condensed water.
Typically, the condensate piping 30 1s preferably disposed 1n
the vicinity of the bottom part of the feed water tank 40 so that
its t1p end part 1s disposed 1n the feed water for preventing air
from being involved into the feed water reserved 1n the feed
water tank 40. The condensate piping 30 1s formed by using a
nonpassivated metal likewise the heat transter pipe 22 of the
steam boiler 20.

The chemical supply device 60 1s provided for supplying a
chemical to the feed water supplied to the steam boiler 20
from the feed water tank 40. The chemical supply device 60
has a chemical tank 61 for reserving a chemaical, a supply path
62 extending from the chemical tank 61 to the water supply
path 41, and a supply pump 63 disposed 1n the supply path 62.
The supply pump 63 sends out the chemical reserved 1n the
chemical tank 61 to the water supply path 41 through the
supply path 62, and 1s able to control the flow rate.

The controller 70 1s provided mainly for controlling the
supply pump 63 of the chemical supply device 60 and the
control valve 27 of the blow path 26, and 1s set so that hard-
ness information or the like of feed water measured 1n the
sensor 43 1s imputted to 1ts put side, and an operation
instruction to the supply pump 63, the control valve 27 and the
like 1s outputted from 1ts output side.

The chemical reserved in the chemical tank 61 of the
chemical supply device 60 1s provided for preventing corro-
sion and occurrence of a scale 1n the steam boiler 20, and 1n
particular, for preventing corrosion and occurrence of a scale
in the heat transter pipe 22, and 1s an aqueous solution of an
alkaline metal silicate, an alkaline metal hydroxide and a
scale preventive agent dissolved in purified water such as
distilled water.

The alkaline metal silicate used 1n this chemical aqueous
solution 1s a compound represented by the general formula of
M,0O.nS10,, wherein M represents an alkaline metal (typi-
cally potassium or sodium), and n represents a numerical
value from 0.5 to 4. The alkaline metal silicate forms a film on
the contact face of boiler water, 1n particular, on the inner face
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of the heat transfer pipe 22 1n the steam boiler 20, and 1s able
to prevent corrosion of the heal transter pipe 22 by this film.

Examples of the alkaline metal silicate used herein include
sodium silicates such as sodium metasilicate (in the formula,
M 1s sodium and n 1s 1), sodium orthosilicate (in the formula,
M 1s sodium and n 1s 0.5) and sodium polysilicate (in the
formula, M 1s sodium and n 1s 2 to 3) and potassium silicates
such as potassium metasilicate (1in the formula, M 1s potas-
stum and n 1s 1), potassium orthosilicate (1n the formula, M 1s
potassium and n 1s 0.5) and potassium polysilicate (in the
formula, M 1s potassium and n 1s 2 to 3). Two or more kinds
of the alkaline metal silicates may be used together. The
alkaline metal silicate may be prepared by dissolving at least
one of silicic acid and silicon dioxide and an alkaline metal
hydroxide in the chemical aqueous solution, and allowing
them to react with each other. The silicic acid used for this
purpose 1s typically metasilicic acid, orthosilicic acid or the
like, and the alkaline metal hydroxide 1s typically sodium
hydroxide, potassium hydroxide or the like. In this case, two
or more kinds of the alkaline metal silicates may be prepared
by combining several kinds of the silicic acid, silicon dioxide
and alkaline metal hydroxide.

Typically, the concentration of the alkaline metal silicate in
the chemical aqueous solution is preferably set to 0.01 to 60%
by weight, and more preferably 0.1 to 353% by weight in
consideration of the solubility of the alkaline metal silicate,
the viscosity of the chemical aqueous solution and the corro-
sion preventive effect of the chemical aqueous solution
diluted with feed water and the like.

The alkaline metal hydroxide used in the chemical aqueous
solution 1s typically sodium hydroxide or potassium hydrox-
ide. The alkaline metal hydroxide prevents corrosion of the
steam boiler 20, and 1n particular, 1ts heat transfer pipe 22 by
adjusting the pH of the boiler water to alkaline side. The
concentration of the alkaline metal hydroxide in the chemaical
aqueous solution 1s typically set to preferably 0.1 to 30% by
weilght, and more preferably to 1 to 10% by weight 1n con-
sideration of the pH elevation effect of the chemical aqueous
solution diluted with feed water and the like. When the alka-
line metal silicate used 1n the chemical aqueous solution 1s
prepared by the reaction between silicic acid or silicon diox-
ide and an alkaline metal hydroxide, the above concentration
of the alkaline metal hydroxide 1s such a concentration after
deduction of the amount of the alkaline metal hydroxide used
tor the preparation.

The scale preventive agent used 1n the chemical aqueous
solution 1s at least one kind of ethylenediamine tetraacetate
(EDTA) and its alkaline metal salt. This scale preventive
agent 1s able to keep the state where a hardness component 1s
dissolved in the boiler water by chelating the hardness com-

ponent contained 1n the feed water, and thus 1s able to prevent
generation of a scale 1n the heat transier pipe 22 of the steam
boiler 20.

The alkaline metal salt of ethylenediamine tetraacetate
used as the scale preventive agent 1s such that at least one of
four carboxyl groups in the ethylenediamine tetraacetate
forms an alkaline metal salt, and the alkaline metal forming
this salt 1s typically sodium or potasstum. Examples of the
alkaline metal salt of ethylenediamine tetraacetate include
disodium ethylenediamine tetraacetate, tetrasodium ethyl-
enediamine tetraacetate, dipotassium ethylenediamine tet-
raacetate and tetrapotassium ethylenediamine tetraacetate.

Typically, the concentration of the scale preventive agent in
the chemical aqueous solution 1s preferably set 0 0.1 to 50%
by weight, and more preferably 1 to 30% by weight 1n con-
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sideration of mol equivalent ratio relative to the hardness of
the feed water and a supply amount of the chemical aqueous
solution and the like.

Next, a method of operating the above-described steam
boiler apparatus 1 will be described.

In the operation of the steam boiler apparatus 1, supple-
mental water 1s first supplied from the raw water tank to the
teed water tank 40 through the water injection condut 51, and
the supplemental water 1s reserved 1n the feed water tank 40 as
boiler feed water.

At this time, the supplemental water from the raw water
tank 1s first treated in the water softening device 52 to remove
hardness components, to be converted into softened water. As
a result, the hardness of the supplemental water 1s typically
adjusted to 5 mg CaCO,/L or less, and particularly a trace
amount of 1 mg CaCO,/L or less. The supplemental water
converted into softened water 1n the water softening device 52
1s then subjected to a deoxygenation treatment 1n the deoxy-
genation device 33. As a result, from the supplemental water,
dissolved oxygen that will promote corrosion of the heat
transier pipe 22 or the like in the steam boiler 20 1s removed.
As aresult, 1n the feed water tank 40, softened water having a
hardness of 5 mg CaCO,/LL or less, particularly 1 mg
CaCO,/L or less and having subjected to the deoxygenation
treatment 1s reserved as feed water to the steam boiler 20.

When the water supply pump 42 1s actuated 1n the state
where supplemental water 1s reserved 1n the feed water tank
40, the supplemental water reserved 1n the feed water tank 40,
namely the feed water 1s supplied to the steam boiler 20
through the water supply path 41. The feed water supplied to
the steam boiler 20 1s reserved 1n the reservoir portion 21 as
boiler water. This boiler water rises up in each heat transier
pipe 22 while 1t 1s heated by the combustion device 25 through
cach heat transfer pipe 22 and gradually turns into steam.
Then the steam generated in each heat transier pipe 22 is
collected 1n the header 23, and supplied to the loading device
2 through the steam supply piping 24. By such generation of
steam, condensation of the boiler water proceeds.

The steam supplied to the loading device 2 passes through
the loading device 2 and tflows 1nto the condensate piping 30,
where the steam looses latent heat and part of the steam turns
into condensed water, and the steam and the condensed water
are separated from each other in the steam trap 31 to generate
condensate of high temperature. The condensate generated 1n
this manner 1s recovered into the feed water tank 40 through
the condensate piping 30 and mixed with the reserved supple-
mental water, and reused as feed water. At this time, since the
teed water reserved in the feed water tank 40 1s heated by the
condensate of high temperature, heating load in the steam
boiler 20 1s lessened.

During the operation as described above, the steam boiler
apparatus 1 supplies a chemical aqueous solution from the
chemical supply device 60 to the feed water tlowing through
the water supply path 41 1nto the steam boiler 20. At this time,
the controller 70 actuates the supply pump 63 based on the
hardness information from the sensor 43 and the tflow rate of
the feed water, and the concentrations of individual compo-
nents 1n the chemical aqueous solution, (especially, the con-
centration of the scale preventive agent), and controls the
supply amount of the chemical aqueous solution to the feed
water. Concretely, the supply amount of the chemical aque-
ous solution from the chemical tank 61 to the water supply
path 41 i1s controlled so that the concentration of the scale
preventive agent 1n the feed water 1s at least 1.5 mol equiva-
lent times relative to the hardness of the feed water measured
by the sensor 43 (at least 1.5 times mol of the mol number of
the hardness ol the feed water). When the concentration of the
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scale preventive agent 1n the feed water 1s less than 1.5 mol
equivalent times relative to the hardness, a scale 1s more likely
to be generated 1n the heat transter pipe 22 of the steam boiler
20 as a result of generation of a water-insoluble salt between
a hardness component remaining in the feed water due to
hardness leakage in the water softening device 52 and a
carbonate 1on generated from a hydrogen carbonate 10n con-
tained 1n the feed water by heat decomposition, or generation
of awater-insoluble salt between the hardness component and
silica contained 1n the feed water.

In a complex between ethylenediamine tetraacetate or its
alkaline metal salt which 1s a scale preventive agent, and a
hardness component, it 1s known that a molar ratio between
the ethylenediamine tetraacetate or 1ts alkaline metal salt and
the hardness component 1s 1:1, and as a reason why a scale 1s
likely to be generated if the concentration of the scale pre-
ventive agent 1n the feed water 1s less than 1.5 mol equivalent
times even when 1t 1s equivalent to the hardness, the following
can be conceived.

(1) Since boiler water will undergo highly alkaline and
high temperature, the tertiary structure of the scale pre-
ventive agent 1s 1n a freely deformable state under high
temperature, and on the other hand, under the highly
alkaline condition, the tertiary structure of the scale pre-
ventive agent can be solidified by electric repulsion
between minus electric charges 1n the molecule of the
scale preventive agent. Due to compensation of these

clfects, 1t 1s supposed that the scale preventive agent
forming a chelate with the hardness component can par-
tially form two molecules.

(2) There 15 a possibility that the scale preventive agent 1s
decomposed by heating in the boiler water of high tem-
perature, and the concentration of the scale preventive
agent 1n the boiler water decreases more than expected.

(3) There 1s a possibility that formation of a complex
between the hardness component and the scale preven-
tive agent 1s suppressed 1n the boiler water of high tem-
perature and high alkaline.

During the operation of the steam boiler apparatus 1, the
condensation rate of the boiler water 1s set so that the concen-
tration of the scale preventive agent 1n the boiler water 1s 40
mg EDTA/L or less in the steam boiler 20. Here, the controller
70 determines the concentration of the scale preventive agent
in the feed water based on the amount of the chemical aque-
ous solution supplied to the feed water and the like. Then, the
controller 70 disposes of part of the boiler water by appropri-
ately opening/closing the control valve 27 of the blow path 26
so that the concentration of the scale preventive agent 1s 40
mg EDTA/L or less 1n the boiler water, and thus adjusts the
condensation rate of the boiler water. When an alkaline metal
salt of ethylenediamine tetraacetate 1s used as the scale pre-
ventive agent, the concentration 1s a concentration in terms of
cthylenediamine tetraacetate.

In the operation method of the present invention, since the
chemical aqueous solution 1s added to the feed water so that
the concentration of the scale preventive agent in the feed
water 1s at least 1.5 mol equivalent times relative to the hard-
ness of the feed water, it 1s possible to prevent generation of a
scale 1n the steam boiler 20 effectively. Also, 1n the steam
boiler 20, since the condensation rate of the boiler water 1s set
so that the concentration of the scale preventive agent in the
boiler water 15 40 mg EDTA/L or less, it 1s possible to sup-
press the chemical oxygen demand of the boiler water dis-
posed of as blow water to 30 mg/L or less which 1s one of the
environmental standards of discharge water specified by the
water pollution control law and a more stringent effluent
standard of each local government. The chemical oxygen
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demand used herein 1s determined by a measurement method
using potassium permanganate as an oxidizing agent, and

generally represented by COD, .

When the hardness of the feed water exceeds 5 mg CaCO,/
L, 1t 1s necessary to supply a large amount of the chemaical
aqueous solution to the feed water for preventing a scale.
Therefore, 1t 1s difficult to control the concentration of the
scale preventive agent in the boiler water to 40 mg EDTA/L or
less.

EXAMPL

(Ll

Preparation of Formula Water 1

Tap water 1n Matsuyama, Fhime prefecture, Japan was
supplied 1nto a mixed bed water purification system, and 1on
exchange water having an electric conductivity of 0.2 mS/m
or less was obtained. To this 1on exchange water were added
sodium chloride (special grade reagent), sodium hydrogen
carbonate (special grade reagent), sodium sulfate (special
grade reagent), sodium silicate (Practical Grade) and calcium
chloride (special grade reagent) to prepare Formula water 1
having the following water quality. Because the pH of the
formula water was alkaline when only these reagents were
added to the 10n exchange water, parts of sodium chloride and
sodium sulfate were replaced with hydrochloric acid (special
grade reagent) and sulfuric acid (special grade reagent),
respectively, to adjust the pH of Formula water 1 to near
neutral. As individual reagents, products manufactured by
Wako Pure Chemical Industries, Ltd. were directly used.
<Water Quality>
Hardness (Ca*): 5 mg CaCO./L
Acid consumption (pH 4.8): 30 mg CaCO,/L
Silica: 60 mg S10,/L
Chloride 10n: 5 mg C17/L
Sulfate ion: 5 mg SO,*7/L
(Preparation of Formula Water 2)

In preparation of Formula water 1, disodium ethylenedi-
amine tetraacetate (EDTA-2Na: special grade reagent manu-
factured by Wako Pure Chemical Industries, Ltd.) was addi-
tionally added, to prepare Formula water 2 having a
concentration 1n terms of ethylenediamine tetraacetate (here-
inafter, referred to as “concentration 1n terms of EDTA”) of
7.5 mg/L.

(Preparation of Formula Water 3)

In preparation of Formula water 1, disodium ethylenedi-
amine tetraacetate (EDTA-2Na: special grade reagent manu-
factured by Wako Pure Chemical Industries, Ltd.) was addi-
tionally added, to prepare Formula water 3 having a
concentration in terms of EDTA of 15 mg/L.

(Fabrication of Simulated Steam Boiler Apparatus)

A simulated steam boiler apparatus shown in FIG. 3 was
tabricated. In the figure, a simulated steam boiler apparatus
100 mainly has a feed water tank 110, a water supply path 120
and a simulated steam boiler 130. The feed water tank 110 1s
made of SUS304, and 1s provided for reserving formula
water. The water supply path 120 1s a path for supplying the
formula water reserved 1n the feed water tank 110 to the
simulated steam boiler 130, and has a diaphragm pump
(model number “EFIC-15VC” available from IWAKI Co.
Ltd.) 121 for sending formula water and a degasifier 122 1n
this order. The degasifier 122 1s a small-sized machine
equivalent to a degasifier (model “DOR”) manufactured by
MIURA CO., LTD., and 1s prewded for removing dissolved
oxygen 1n fermula Water The piping portion of the water
supply path 120 was formed by using a stainless tube (made
of SUS304) having an inner diameter of 4 mm and an outer
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diameter of 6 mm except that the anterior and posterior parts
of the diaphragm pump 121 were formed from a soft vinyl
chlonide hose.

As shown 1n FIG. 4, the simulated steam boiler 130 has a
housing 131 to which the water supply path 120 communi-
cates, a test piece 132 and a heater 133. The housing 131 1s a
cylindrical member of SUS304 having a closed upper end,
and has a blow valve 134 1n 1ts bottom part, and a steam
extraction valve 135 1n 1ts upper end. The test piece 132 has
such a structure that one end of an STGP steel tube of 15Ax%
200 mm 1s closed with a lid of S5400, and a flange of SS400
having a diameter of 60 mm 1s welded to the other end, and the
closed end 1s inserted into the housing 131, and the flange
closes the opening of the lower end of the housing 131. As a
result, a space capable of retaining feed water 1s ensured 1n the
housing 131. Before the experiment, the surface of the test
piece 132 was ground by #400, and degreased using acetone
and methanol. The heater 133 1s a cartridge heater (output 2.1
kW) manufactured by Watlow in the form of a cylinder having,
a diameter o1 12.6 mm and a length of 150 mm, and 1s inserted
into the test piece 132.

(Experiment)

In the feed water tank 110, 200 L of Formula water 1 was
reserved, and the simulated steam boiler apparatus 100 was
operated for 48 hours while blowing was conducted intermat-
tently to satisiy the following conditions.
<Condition>
Water retention amount 1n housing 131: 240 mL
Operation pressure: 0.5 MPa
Corresponding evaporation: 1.6 kg/h
Condensation rate: 10 folds

At the end of the operation, 10-times condensed boiler
water was collected as blow water, and the hardness (Ca**)
thereol was examined using an ICP atomic emission spec-
trometer (“SPS7800” manufactured by SII nanotechnolo-
gies), to reveal that 1t was 4.4 mg CaCO,/L. No sludge was
observed 1n the boiler water.

Similar experiments were executed for Formula water 2
and Formula water 3, and the hardnesses (Ca*") at the end of
the operation were examined 1n a similar manner, to reveal
that they were 21.0 mg CaCO,/L and 39.0 mg CaCO,/L,
respectively. Also 1n these cases, no sludge was observed in
the boiler water. According to this result, in the boiler water of
formula water 2 and the boiler water of formula water 3,
solubility of hardness (Ca**) increased by 16.6 mg CaCO./L
and 34.6 mg CaCO,/L, respectively, as compared to the boiler
water of Formula water 1. The relation between the concen-
tration 1in terms of EDTA (x) of formula water and the increase
in solubility of hardness (v) 1s shown in FIG. 5.

According to FIG. 3, the concentration 1n terms of EDTA
(x) and the increase 1n solubility of hardness (y) have a linear
relationship with a gradient of 0.2288 (y=0.2288x). The
molecular weight of ethylenediamine tetraacetate (EIDTA) 1s
292.24. These demonstrate that 1 mol of EDTA-2Na blocks
0.668 mol 00.2288/100)+(1/292.24)=0.668 mol) of hardness,
and thus about 1.5 times or more mol 1s required to block
hardness of 1 mol.

What 1s claimed 1s:

1. A method of operating a steam boiler generating a steam
by heating boiler water, comprising the steps of:
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preparing a feed water by softening tap water, industrial
water, or ground water to a total hardness less than or
equal to 5 mg/LL (as CaCO;) using a cation exchange
resin,

heating the boiler water in the steam boiler while supplying

the feed water having the total hardness less than or
equal to 5 mg/L. (as CaCO,) used as the boiler water to
the steam boiler and appropnately disposing of part of
the boiler water, and

supplying a chemical aqueous solution containing an alka-

line metal silicate, an alkaline metal hydroxide, and at
least one of ethylenediamine tetraacetate and an alkaline
metal salt thereot, to the feed water having the total
hardness less than or equal to 5 mg/L. (as CaCOQO,) so that
through controlling an amount of the chemical aqueous
solution added to the feed water based on the total hard-
ness of the feed water, an amount of the feed water
flowing, and a concentration of a scale preventive agent
in the chemical aqueous solution, an amount of ethyl-
enediamine tetraacetate found 1n the boiler water within
the steam boiler 1s adjusted to 4.38 mg or more for 1 mg
of the hardness components (CaCO, equivalent),

the steam boiler 1s formed as a boiler of once-through type,

which includes a multiple heat transier pipe made of
nonpassivated metal between a lower header and a upper
header,
the lower header 1s supplied with the feed water that
includes the chemical aqueous solution and the multiple
heat transier pipe 1s heated by a combustion device,

the chemical aqueous solution 1s adjusted to a concentra-
tion of the alkaline metal silicate 1s between 0.01% to
60% by weight, a concentration of the alkaline metal
hydroxide 1s between 0.1 to 30% by weight, and the
concentration of the scale preventive agent 1s between
0.1% to 30% by weight,

in the steam boiler, a condensation rate of the boiler water
1s set so that the concentration of the scale preventive
agent 1 the boiler water 1s a predetermined concentra-
tion or less as an ethylenediamine tetraacetate equiva-
lent.

2. The method of operating the steam boiler according to
claim 1, wherein the alkaline metal silicate 1s a reaction
product of at least one of silicic acid and silicon dioxide, and
the alkaline metal hydroxide.

3. The method of operating the steam boiler according to
claim 1, wherein the condensation rate of the boiler water 1s
set so that the concentration of the scale preventive agent 1n
the boiler water 1s less than or equal to 40 mg/LL as the
cthylenediamine tetraacetate equivalent.

4. The method of operating the steam boiler according to
claim 1, further comprising the steps of,

supplying steam made by the steam boiler to a loading

device,
separating condensed water from the steam that has passed
through the loading device using a steam trap, and

mixing the condensed water with the feed water prepared
from the softening tap water, industrial water, or ground
water.
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